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(54) HIGH TENSILE STRENGTH STEEL FOR LARGE HEAT INPUT WELDING EXCELLENT IN 
TOUGHNESS OF HEAT-AFFECTED ZONE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent deterioration in the toughness of a weld zone at the 
time of large heat input welding by allowing it to have a specified elemental compsn. and 
dispersing oxide inclusions having a specified compsn. therein. 

SOLUTION: This steel has a compsn. contg., by weight, 0.05 to 0.18% C, <0.6% Si, 0.08 to 1.80% 
Mn, <0.005% Al, <0.030% P, <0.004% S, <0.005% Nb, 0.04 to 0.15% V, 0.0050 to 0.0150% N and 
0.010 to 0.050% Ti, in which the ratio of Ti/AI is also controlled to >5.0, moreover contg. one or 
two kinds of 0.0010 to 0.0100% Ca and 0.0010 to 0.0100% rare earth metals, and the balance Fe 
with inevitable impurities. Then, oxide inclusions having an inclusion compsn. composed of> by 
weight 20 to 95% Ti oxides, <70% AI203, one or two kinds of Ca oxides and rare earth metal 
oxides by 5 to 50% in total and <15% MnO are dispersed therein. 
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(57) [SCI] 

[SIS] ^A^SS15®}ftt^nfe§l5i^$490MPa 

MHfc*'ftl C Si, Mn, P, S&iIIE«5ffl£:U $ 
: 0. 005 wt*£TF, Nb : 0. 005 wtXETFfclHISb 
fc5 A> V : 0. 04~0. 15wt%. N : 0. 0050~0. 00150 wt 
%, Ti : 0.010 -0.050 wtXS^*, j&OTi^MiAl 
Ti/Al#5.0 £l±£iSt£U S5)fcCa:0. 
0010~0.0100wt%, REM : 0. 0010~0. 0100wt%©5^© 
l«*'fctt2«fc£*U tfSE*£l,T, Ti»fc*:20 
~95wt%, AhOi :70wt%£TF, Caftfctt. REM Sc{b% 
©■5-£©lifi£fcte2ffi©&ffl- : 5~50wt%, MnO : 15w 
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C 2 2 C 38/00 3 0 1 

38/14 
38/58 




1 

C : 0. 05-0. 18%, 
Mn : 0. 80-1. 80%, 
P : 0. 030 %£TF, 
Nb : 0. 005 %£TF, 
N : 0.0050-0. 00150 %, 
S^*, i^Ti^mtk\^m<Dit, Ti/Al#5.0 £/, 
±S»£U SSfdCa : 0.0010-0.0100%, REM : 0. 00 

io~o.oioo%©5s©ias^tt2a$^wu gsa$Fe 
*±z^att*Ma#&ttsa***u Mfcmmfr 

WtotLT. fi*%T, Ti«fltf& : 20-95%, AhOs : 
70%&T, Caftfttt, REM Bft«©5$©lfl:&fctt2 
S©&if : 5 -50%. MnO : 15X£rFa»S&*#ft»a 

[»#B2J MEffl^fCSDAT, ££{Cgfi%T, C 
n : 0. 05-1. 0 %, Ni : 0. 05-0. 50%, Cr : 0. 05-0. 50 
%. Mo : 0. 02-0. 20%©5^ ia*^«2ffl^±S:^W 

B : 0.0005-0. 0030% ££*T3£i&W«tr**# 
[0 0 0 1] 

immomTz&mftm jl©«wb, ±*, stis, a 

"/vr 7. &a. Iff*. gIga*M£©£ 
afc»B&*aa*K:ffD, i<K5l3^S490MPa£U: 
£WU &*f&ffaattk:attfc*Aa&*£*aft 

[0 0 0 2] 

[«*©«*! ifi^. «J6*©*3!{fcK#lr>, JlSSIftT 

fc*»#aasn, «*©«*w&*hTvss. 

[0 0 0 3] flAtf, »HW58-31065*&«K:B, TiN 
•©afca'tflai/T*-*^^ M&©a*fcS»tt 
T3££KJ:oT«aa#»ffi (HAZ).®Jtt£|S]±3 

s&KfifcaasnaatirTrB, tin mvmtmmm 

B4>& < , t < £ Af^800kJ/cm<&^ A 5 «t 5 ftS*A$ 

*»HAz«»tt*iRi±a"&*;:teHJit*"3Tv» 

[0 0 0 4] $fc. #MB§60-245768 Ti® 
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2 

* * m#mi} a*%T, 

Si : 0. 6 %£AT, 
Al : 0. 005 5K«T. 
S : 0. 004 %£TF, 
V : 0. 04-0. 15%, 
Ti : 0.010 -0.050 % 

ft«»5V»BTi*ft*tIiafl;«©«^#*WfflbTe 

*tt*«a*anTt»*. ccasicintf, aa:?t>H 
10 #b&v»»fl:«©fcr>->^a*fcj: DfiiMM's 

»I6(T?#*. Ti»ft«S*f 

tt3tt$&»ictt*ft©aiiaii£&a&-r«&». * 

«©«!*f*Sfc€UT«jfi-r*fcB*Kr&HJt*ff^.. * 
&, Ti8fca©MjSBttl700 , C£U£i*<, y;OHttk: 

[0 0 0 5] #H¥5-186848*&«fcB, C, 

N-itas-vN©a^«rffi«saf t^iiis-a-. vn©s^7x 

*fc*V>Ttt, TiN Ot-^rt-f httattbftPftMMt 
tt*ton*fc», £©#J£TBffl*AlR»«HAZ«« 

ft©f6]±^#e.n^v^A, vN©*fm?£(ejt3-e-*fc© 

©MnS *©itinB, a©t»i*«£ffiT3-li\ &*t¥59ft£ 
[0 0 0 6] 

[*W)W*ifeLJ:3i-r*RH] H©56WB, ±fBbfe 
ft3ktt«©na««Kfc-b, Af?*800kJ/cm£jg;L5 c t5& 

30 ia*A»««tff-3Tt)»a«©«ttJi)«ttTbftv», a 

[0 0 0 7] 

■cnui*»*r*&»©#a] *aw#6B, «aa© 
ffij8f*fc©fc, a<ba*^ft«itaaT*"3«-ti» 

fS£D*)&<, ^-^xtM h&©»ffci, 6fi7i 

u afca*fttt*©a^£«tiH£r«&sd<&« 

[0 0 0 83 *f, fflt®%ft&to<Dm 

aa*aBK"3v»Tffo«:aHts*K^^TRwr*. 
si\ «a^o^-&afta*^ft*u©»as:-a*t-* 

®R»4^«E«t*a©antt*A»4:-r*^»3&«» 

0, -t©&©fcB, 4rtE*«t»©Ali0i agfc70wt%£TF 
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£, 

©»fc*b*fl1x4lB+©CaO &5V>ttREM ftft4fca&};*50 

fctt, CaMS&S^fclREM ftSfc«koT4HaE*«t»®CaO 
fc3V>ttREM »ft«««*^<t"b5wtX£t±d:"r* 10 

©AhOi «fl&£70wt*&T. Ti»ft*««S95wtX«T 

[0 0 0 9] EnS©flJi#S. #3!9J#£«> 

iMfcft*#a*©*jg»jsttH ti/T, 01 fc^r J: ^ 

d. Ti&fc^ : 20~95wt%. CaO . REM tt<fbtt©^m 
*tl«*&ri2«©^«- : 5~50wt%, AhOi : 70wt 
X£TFT?*-5£bfc. &£. MnO «15wt%£CFT*&3. 
»ft«*^aE«©ftj«d«H 1 ©t6H£&*J:5fclMrr 

©4*s5i#gjiria:&<, Mwsrt7i7^h 

[OOIO] *3SW#6tt, TiBMb«tt-tne# 
Sft7x7-f h±tftt«*-r«HnS > VN©«faJU-Y hi 

h©wmss&fc«earr*jfc©K:tt, mtmm-fY&mv 

IRtoOo^HWRfclO*., I©i«»il/TVtJ:tfN* 
#4j«U fifi7i7-f H4l«ftW&afc±#"r*!:fc 30 

[o o 1 1] *RWtt, nne*.afc*:*v»T**-an 

fct>©TftS. ffctoS, *fB9!tt, fi*%T\ C : 0. 
05-0. 18%, Si : 0: 6 %£TF. Mn : 0. 80—1. 80%. Al : 
0.005 %£TF, P : 0.030 %£TF, S : 0. 004 %£TF. 
Nb : 0. 005 %£TF, V : 0. 04~0. 15%, N : 0. 0050-0. 
00150 %, Ti: 0.010 -0. 050%£-£*. doTi^Wft 
<hAl^T*©Jt, Ti/Al#5.0 gLh£Jt£U SSKC 
a : 0.0010-0.0100%, REM : 0. 0010-0. 0100%©p % 
©ia*fctt2«*^U »«Fe*J:l£FT«iafl$l*H 40 

t> Ti&{fc$i : 20-95%, AhO. : 70XBTF. CaSft 

REM »ft«©5-6©ia*fctt2a©^W- : 5-50 
%, MnO : 15%«Tj&»6&*ftftfcfcJ***rT3*tett 
*^ft**»«S-&fcJli:*1**i:'r-53ia«$490MPa 
£U£*U ^^#a5©«9ttfC®n^^A^«ffl 

[0 0 12] fflEftdSfctnAT* $ 

SfCfia%T?, Cu: 0.05-1.0 %. Ni : 0. 05-0. 50%. 
Cr : 0.05-0. 50%. Mo : 0. 02-0. 20%© 5 *> 1 50 
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2aei±^#-r5^t*wsL<, $fc. *»wt? 

tt, ilMBfcajfcfciiiAT, §bi:ll%r, B: 0.0005 

-0. 0030%£^Wf 3 £ S U>. 
[0 0 13] 

mmanmommi *%wm#<Dit¥wmi£m&\z 
^0. m% (wt%> sjfft-r*. 

C : 0. 05-0. 18% 

era, *©ift«*i(iiiDa-&*7c*T?*D. 0rM©3!&£ 

aflfcTSfcafcttO. 05%£*±&g£T3. -7j. 0.18% 

e*f»tt*«trXHAzfi5«ttsfiTS 

£©£©, Ctt0.05~0. 18*©«HfcR£Lfc. 
&*, $?£b<tt0.08~0. 16%©&HT&5. 
[O O 1 4] Si : 0.60%£TF 
Sitt, H»afl;K«kD*©aft'£*lnStf30fc£3»& 

7c*t?»*>&*. o.60x*iBASfr#a*«tt*«krXHA 

Z«»tt££U<£fl;S-fr*. £©fc©, Si«0.60%jy, 

TlcKJtbfc. 

Mn : 0. 80-1. 80% 

Mn«. *©!MES»liDa-a-*7c#T»0, 3ra©«IE* 
a«T*fc*K:fcM80*£U:©£W§&H£'r3. - 
7j, 1. 80%*i@AS^tt, lliS7i7-fhi/V7 
-f h^S^^-f h££©«»**£riM&*±#fc"r* 
ffiHtTSfc©, SttattSffiTSttS. £©fc©Mn 
tt, 0. 80-1. 80%©ffiHfcE5tl/fe. ff*L<tt 
1.00-1. 70%T&-5. 
[O O 1 5] A1:0. 005%^T 

«#ainu Tta^^^^-^flEtts^bfco, ;x 

;HS£D©MB£&*. £©£©, AItt, -0.005 %£TF 
[0016] P : 0. 030 %&>T 

Ptt, *#£«fctfHAZ»8ttfc£fc£li-*fc©, T# 
*£J:H£*T* £ 0.030 %£Tfcm§ 
-e^S, »*b<tt. 0.020 %£TFT&-5. 

S : 0. 004 %^T 

S«, MnS *»j*T*i:tK:«J:-3TVN©«fffi*flgjib, 
Irt7i7-f h©4riE*ffiiftUT7x7-f h^s&sta 
ffllCfSffffl^**. -7j. Stt^-^-r^Mtff^ 

*»4s-e-^-r<-rs. s^ft©i#np«, ^© 

*»**«TS-B-, «#*3<tt;HAZgl5SS14<&{gT$-fr 
So ^©^c©S«0.004 XBtTKIBSLfc. 
[0 0 17] Nb: 0.005 %^T 
Nbtt, H*L/T*©ttAntt**©, ert7i7^h© 

trife©, efi7i7-f h^St^5VN©4^S£Mil> 
3*5. Nb£0.005 %S@AT^W$-&S t. VNIC«kS 
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NM40.005 XSTFfclBjeixfc. 
[0 0 18] V : 0. 04~0. 15wt% 

VSSft* (VN) &*&U »»*te*- Xft-f HtlC 

wars. ^©vgttttfirt7i7-f htitgtLT 

0. 15%S@>lT-&Wr5t, SW3«fctfHAZflM» 

tt, *fttt««*fl;-r*. vtto. o4~o. i5%0 

fSBKHSLfc. fiF£L<140.05~0. 10%T& 

[0 0 19] N : 0.005 -0. 0150% 
N14, V*5,fctf/3:fcttTi£lg£l/SMfc*te»*r*. 

60»*S*"ak:36»^-e-*&«)fcttO.OO5 %K±0^ 
0. 0150%£M;LT©"£W14@i§N» 
0»ftlK:J:D«#»tt^**tt**#<afe5. £©fc 
», N140.005 ~O.O15OX0«SB8K:IBSbfc. » 
* t< 140. 0070-0. 0120%T&5. 
[0 0 2 0] Ti : 0.010 -0.050 % 
Titt, **Wea»&7C*01OT*«. TiKftfcfr 

SffTS." KRafcM+fcJBSLifciTitt, ^0^ 
©JWiMfcfcUTTiN TiN 14HAZS5© 

&ft±$-&s„ nn6©»**»*&a&k:tt, 0.010 % 

BLL©TiSS#T*#BT**a*, 0.050 %5IATO 

fc«fcltaAZgM»ft£*fc£-fr-£. TH40.01 
0 -0. 050 %0tSH£|&£bfc. 

[0 0 2 1] Ti/Al : 5.0 £t± 
♦f&HTtt, TiKKU AhO. ?77s*-££/££i*ft 
l/^cfeld, Ti/Al£5.0 «±£T-5. Ti-AI-0 
6, Ti/AWS.0 *«THtAh0i *5X*->&<§iJ«U 
»fc**7>ft*&0$H*M#tt#"?#& < tea. fc*, 
»St<tt, Ti/Alttl0.0£U:Tr**. 

[0 0 2 2] Ca : 0.0010-0.010 %, REM : 0.0010-0. 

010 %<Dot \m$.tz.\t2m 

Ca, REM 14, *tt«<DttBAfcTOntt**fc»*U 

R«4ri»o«i«-»« *swi-r * » fc*n t * * 
7c*t*s. ^0fe»tcf4, -en-^no. ooio%&u©-£ 
w^Btte*^. -73, ^n^no. oio %£g;LT© 

£W14, §H©fif#tt£{rF$it\ S#tttt£»fc*. n 
©£*, Ca, REM 140.0010-0.010 X©«HlClH«L 
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It. 

[0 0 2 3] Cu : 0.05-0. 50%, Ni : 0.05-0. 50%, C 
r : 0. 05-0. 50%, Mo : 0. 02-0. 20%© 5 £ lS£fcl4 
28RL 

Cu, Ni, Cr, Mott, V»rftfc*A.ttlRl±K:Wa&fc5c*T 

**; ltt*10flUl«MfaiiS5fc»fc, Cu, Ni, Crl4 
0.05%R±, Mo«0. 02%«±©^W#&M£ft<5. - 
7j, Cu£cfctfNH40.5 X£iBAT£*TS£3»*«l&ft 
10 U ^*fcJte3»*j^ir7?#fe<fcB«*ttfc* 
fijtte^fcfe, Cu, Nil40.05~0. 5O%0«SH1CK3£L/ 
It. $.ft. Cr, Mol4^n^n0. 50%, 0. 20%&mz.z>t 
«»tt^«tt*«*ftr*-. £0fc», Crl40. 05-0. 50 
%, Mol40. 02-0. 2O%0«HfcR£-r*0««»*bH. 
[0 0 2 4] B : 0. 0005-0. 0030% 

I*!ifi#7i7-f h©»rit**M|-r*»***L, s 
fc, HAZ«T**^0&*J«|»k:BN&#flSU ftff7i 

5Srt7i7-f H4^14^+7>lCtea^, BNteVNJ^fc 
fiV»l*WT*rffliiJflB&fca, VN©*rtti#*J£-f-5J:5ft 

£0J:3&3&**»*fc»fctt, 
0. OOO5X«±0'£#*»&«ifcS>&*, 0. 0030%£j@;LT 
^WT5t, »tti&«$&fcT*. £©fcfe, B140.0005- 
0. 0030%©$gHlClS)£-ra©*W*L^* 
[0 0 2 5] ±BL&#a-&*©86«tt, FefeJ^nJ 
30 »fl9^*filin?**. ^BliSeS)^M«&tbT14, O:0.01 
0 %«T#Sf£Tir5. Sfc, *«9n?tt, ffittWz® 

TiKftft : 20-95%. AhO. : 70%£TF, CaBfttt. RE 
M 8fc«©5"&©l«3:;fctt2«0£lr : 5 -50%, Mn 
0 : 15X&T*>6fc*7>tt4Majd6£Wf*. 

[0 0 2 6] TilHfc* : 20-95% 
TiSfcfctt, 717^ h8£j£tK htLTflUBU $ 
StSrt7x7-f h^^swraMns , VN^©«THi-y- 

40 *7>«E«*Ti»ft«s±#tr*a«fr*. eft7i 
h©*fm^jfra^*{c^gte. »ft«*7>ft« 

+©TiHfl:^©«gl420%m±TfeS. 20%*?iT14, 
W7i^ h©«rffi3^{Ejasn&Vi. -7j, SftttX 
7>ffi«*0Tilfcft«0««*»95%SaASt, SftttX 
7r«E«0»^K»tteO, ftS/XM^O^ftftro 

5. w©fc*, ^btim^fetl^©Tim^©^gl420 
~95%(C|igS-ra. »^t< 14, 50-95%T» 
a. *BWTV>3, TiSftftOTiOi, Tiid 
50 ffiiT^ao 
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[0 0 2 7] AhO, : 70%£TF 
AhO. tt, *W7X?-ft&®ZMf&V J $>T<, Bit 

^mx'\tmit^^tEWDkh o, &g*T'tzmm 

6, Kfc4MS4ME*+©AI«0i «&«70%£CF£T5. 
[0 0 2 8] CaiHfctK REM SfcfcOS *><D 1 U/cB 
2«©£U- : 5 -50% 10 

■fcMWhftfc+fcCafcfl;* (CaO ) . REM 'Rflsft©3 

fc, Ca, REM tt, Si«^bT«flS*S»J*b^>rVifc 
«6, »fc**4rtE»*©CaSfc* (CaO ) . REM 
©iMW*50*&jBATifi5<.&3£. ^ftttHHfcCaS , 
REM MWW^n^. £©fc*, 4ttE*©a*fcfc 

m<ttb\z. iftfeSM«os^7i7-f hwwm 

*"t»©Ca»flS*. REM »ft«<O5-60ia*fc»42ll 20 

-&ftT5 ~56x©ttHfclKJ£L&. 
[0 0 2 9] MnO : 
MnO tt, Tiftfcfc©^?!^ UfrtfHE3iil*ffiT;£ 
■fr*fMi£#-r*. £©&»» 8{fcl3^?>&tl+©MnO 
S15X£TFfclftrrs. ftfc, *569!©»!«T?tt. 
t)«?>ft$J0-&*r»teO. 005 -0. 025 SfiXtT503!>< 

MfcWSTT*. 30 
[0 0 3 0] 4rtE*0*tt, 3t^«- 

X, Sfc, ^ft^©fflJ5K«, S EM (££W?Hft 
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[0 0 3 1] jgffltt, jfi»j£9©9 
©EEH§**te»iftSns. ffK*»tt, 1000~1250t:© 

[0 0 3 2] 

[gKfl] *ik:^riU«©iB**S*#^T*«b 
fc. ft£, »&**#«»©»««» £<bLTTi/Al © 
A7>^tCa, REM ©8sHO*S«fl:T'5Ctk:J:0»HE 

(covjt, *K6«yx;n*j*a««*bT^aE«©#* 

©W&S&PiSEl/fc. 

[0 0 3 3] ft*, tt«WtUT, aMk«3R^«E*®a 

A1JB»€*T, flOTi/Al Jt£*#<U CaO , REM 8 
{tm%g><-rz>lzte. Ca&-5Vi«REM ©i£ftl*£#< 
U AhO, AllCiS^IMt-HiHc: 
frV», MnO S#<t5l:lt lhKJ:*^«K«*ff5 £ 
fcfefc. Ah Th Ca©jS**^ft:<r5i:tfc«ko 

[0 0 3 4] in6«!»S»*ffi38te«t 0 100mm f©X 
yTtLtz. ^n^X7^*1200t:iCftlfiL. 
JRMEKK±D«J*20iii©»l«£L&. ft£, E5iaa 
JfrUfc. HttS©EEtt©**<t*JBVvr, fttt©9ISW 

tt*&ittffi-*sa*u Siiiin^ta^i4oo < CT'Aii50kj 

/cm ffiS£,fctfl000kJ/cm bD7.7:/?§8il¥# 
>KfMMi©SRlM , *;i'£ft-$Lfc©'&. -20 "CT©-> 
*)V)d-mL3i*)V*f- (vE-so ) HAZgU 
tt (SSHAZfJtt) £ff«L-fc. 800 -500 *C0¥^ 
»»IMntt-€*l-CTi25sec . lOOOsec tbfc. ftfc, £ 
S©**»^6tt»!»*tHitb, *»^©»fl:**^aE 

IC, SEMK#MTSEDXKJ:53t«4J-«rK:«tofc. 
[0 0 3 5] £n5©e*S352K:3R*. 
[0 0 3 6] 
[Si] 
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